Aims-To estimate the prevalence of Usher syndrome in the city of Birmingham, and to establish a database of patients who have been classified into diVerent clinical subtypes essential for future gene mutation analysis. Methods-Symptomatic cases of Usher syndrome (US) resident in the city of Birmingham in June 1994 were ascertained through multiple sources. Ophthalmic and audiological reassessment together with examination of medical records and patient questionnaires allowed classification of three subtypes, US 1, US 2, and US 3. In addition, family pedigrees were examined and blood was taken from index patients for DNA extraction. Results-In the population aged over 15 years the prevalence was 6.2 per 100 000 population for all US subtypes. The prevalence for US 1 and US 2 was 5.3 per 100 000 population. This is greater than previously reported. In the age group 30-49 years the prevalence approached 1 in 10 000. Clinical classification found 33% US 1, 47% US 2, and 20% US 3. Conclusion-This higher prevalence rate and greater frequency of US 2 and US 3 may reflect a more complete ascertainment. (Br J Ophthalmol 1997;81:46-53) The Usher syndromes (US) are a heterogeneous group of autosomal recessive disorders characterised by congenital hearing loss associated with a progressive pigmentary retinopathy. This association was first described by von Graefe, 1 but it was Charles Usher who first emphasised its familial occurrence. 
The Usher syndromes (US) are a heterogeneous group of autosomal recessive disorders characterised by congenital hearing loss associated with a progressive pigmentary retinopathy. This association was first described by von Graefe, 1 but it was Charles Usher who first emphasised its familial occurrence. 2 Three clinical types are recognised which are largely distinguished by diVerences in hearing and vestibular function and not by ophthalmic criteria (see Table 1 ). [3] [4] [5] Patients with US 1 are characterised by profound congenital sensorineural deafness, impaired speech development, and are seldom helped by hearing aids. Another feature is the congenital absence of vestibular function manifest in infancy as a delay in motor development, and in the adult as a nonprogressive ataxia. Recent linkage studies have shown that there are three genes responsible for US 1. The first was located to the long arm of chromosome 14 in 10 French families, 6 with two further loci on the long and short arms of chromosome 11. 7 8 Most type 1 patients (75%) have a mutation at 11q13.5, and this gene has now been identified and found to code for an unconventional myosin protein which also causes the Shaker-1 phenotype of mice. 9 10 Patients with US 2 demonstrate a congenital non-progressive moderate to severe hearing loss which is milder in the low frequencies. They obtain benefit from hearing aids and have good speech development. Vestibular function is normal. 5 US 2 has been located to 1q using 30 families from the USA, Sweden, and Italy, 11 12 but may also show locus heterogeneity. 13 The phenotype of US 3 has been recently described; normal hearing development but deterioration in the absence of exogenous or other causes occurring between the first and fourth decade, resulting in a moderate to profound hearing loss. Speech development is normal and vestibular function is variable. 14 US 3 is more common in Finland and linkage shows a locus at 3q21-25. 15 Progressive pigmentary retinopathy is usually typical for retinitis pigmentosa in all clinical types, but is often diagnosed earlier in US 1, and it is suggested that the combination of visual and vestibular impairment causes functional impairment earlier, 16 although a similar percentage of patients maintain central visual acuity of 6/60 or better until the fifth or sixth decade. 17 Prevalence of US varies according to the population base screened and ranges from 1.8 to 4.4/100 000 in the general population, [18] [19] [20] [21] [22] 13-20% in the retinitis pigmentosa population, 19 20 23 24 1-6% among congenitally deaf individuals, 22 25 26-29 to as high as 30% in certain deaf population isolates. 20 30 However, only limited prevalence data are available from the UK. 27 The purpose of this study was twofold. Firstly, to estimate the prevalence of Usher syndrome in the city of Birmingham and, secondly, to establish a database of patients who have been accurately categorised into the diVerent clinical subtypes-essential for molecular studies and for genetic counselling among families.
Methods

PREVALENCE
An attempt was made to ascertain through multiple sources all symptomatic patients with Usher syndrome resident in the city of Birmingham on 30 June 1994 which relates to the most recent annual population statistics for the city (see Table 2 ). A genetic eye clinic and a diagnostic index have been held in Birmingham since 1977.
All ophthalmologists and optometrists who practise in the city were contacted and asked for names of patients with US. Ophthalmologists see patients at one of five hospitals in Birmingham but none of the eye departments carries a diagnostic index. However, retinal function tests are performed at the Visual Function Unit, Birmingham and Midland Eye Hospital (BMEH) with record books dating back to 1986, and this provided a further source of ascertainment.
SENSE (the National Deafblind and Rubella Association) is a national voluntary organisation which holds a database of patients with US in the UK who use this service. SENSE provided names of patients who were not known by us at the time of contact.
Contact was also made with psychiatric services for the profoundly deaf at the Queen Elizabeth Psychiatric Hospital in Birmingham.
Head teachers of schools for the deaf and six secondary schools with deaf units were contacted. There are currently 55 pupils at the only secondary school for the deaf which serves Birmingham and the West Midlands. Since 1990, children attending this school have been routinely screened by one of the authors (ARF). Deaf children are not routinely screened by an ophthalmologist at other schools; therefore ascertainment depended on the presence of visual symptoms. For this reason it was decided to make the lower age limit for the prevalence study 15 years, since some with US 1 do not become symptomatic until the beginning of the second decade and children with US 2 do not become symptomatic until the latter part of the second decade or beginning of the third decade. 3 17 Specific otolaryngological and ophthalmological criteria used for accepting patients as having US 1 and 2 were those recommended by Smith et al, and which have been adopted by the Usher Syndrome Consortium 5 -that is, US 1: congenital severe to profound sensorineural hearing loss, and absent vestibular function, associated with a pigmentary retinopathy or reduced responses consistent with a retinal dystrophy on ERG testing; US 2: congenital mild to severe sensorineural hearing loss with normal vestibular function associated with a pigmentary retinopathy or reduced responses consistent with a retinal dystrophy on ERG testing. A diagnosis of US 3 was considered when there was later onset of hearing loss which was moderate to profound, reliable evidence of deterioration of hearing impairment with other possible causes of deterioration excluded, 14 and associated with a pigmentary retinopathy or reduced responses consistent with a retinal dystrophy on ERG testing. Diagnosis of US in index patients was verified by clinical reassessment of cases in an ophthalmic department, or evaluation of medical records (see Tables 4, 5 , and 6). Birmingham City was defined by census, and residency on ascertainment day was confirmed with patients and/or with their general practitioners CLINICAL ASSESSMENT Patients located through these sources were contacted by mail and invited to participate in the study. A questionnaire was sent to each patient requesting information about the history of their vision and hearing impairment, their general health, and family history of genetic disease. General practitioners were also contacted to request any additional medical information about their patients.
Each patient enrolled in the study was assessed in a standardised manner to verify their clinical diagnosis of US, and for clinical subtyping. The ophthalmic and audiovestibular evaluation was based upon recommendations by the Usher Syndrome Consortium (USC). 5 A pedigree was taken for each family and a blood sample from aVected patients for measurement of phytanic acid levels, and for search of the 3243 mutation of mitochondrial DNA (to exclude rarer causes of retinitis pigmentosa and sensorineural deafness) and for extraction of DNA for gene mutation analysis.
AUDIOVESTIBULAR EVALUATION
The audiovestibular evaluation is summarised below. Patients with a profoundly reduced ERG or whose Goldmann visual fields were less than 20 degrees maximum diameter at their last assessment did not have these tests repeated.
Clinical interview
Patients were diagnosed and typed according to findings shown in (Table 1) . Six years was set as the upper age limit for diagnosis of hearing loss in US 2 allowing for the fact that this was largely based on the patients' own historical information.
Patients who did not fit US 1 or 2 were initially classified as atypical. Criteria for the clinical diagnosis of US 3 have been recently described; thus some atypical patients were reclassified as US 3 when previous audiological tests were available for comparison or where anamnestic information supported this diagnosis (Table 1 ).
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Results
PREVALENCE STUDY
A total of 31 index patients were identified ( Table 2) , 18 of whom were ascertained through more than one source. Seventeen of 19 aVected siblings ascertained were also resident in the city on ascertainment day, together with three aVected relatives outside the index patient's sibship. Two aVected siblings were not examined for the prevalence estimate because they were under the age of 15 years.
This gave a total of 49 patients, 22 males and 27 females, with US (age range 16-75 years).
Estimated resident population statistics for mid June 1994 in the age range 15-85+ years totalled 788 146. 31 This gave a prevalence of 1 per 16 085 or 6.2 per 100 000 population for all US subtypes. In the age range 30-49 years the prevalence was 1 per 10 574. Prevalence of US 1 and US 2 was 5.3 per 100 000 population (Table 3) .
CLASSIFICATION OF US SUBTYPES
Twenty three of 31 index patients have been clinically reassessed in an ophthalmic department, and in six families (four US 1, one US 2, and one US 3) one aVected sibling was clinically re-evaluated. Of the remaining eight index patients, two declined participation and two failed to respond. Questionnaires were completed by all index patients except those two non-responders. Examination of medical records and questionnaires has allowed clinical classification in all but one index patient where there were insuYcient clinical data, giving a total of 30 index patients. An attempt was made to obtain previous audiology reports to verify the non-progressive nature of the hearing loss or to identify a true progression in those patients who considered their hearing loss to have progressed.
Phytanic acid levels were normal in all patients, and none had the 3243 mitochondrial mutation.
The respective proportion of cases were 10 (33%) US 1, 14 (47%) US 2, and six (20%) US 3.
US 1 FAMILIES (TABLE 4)
Ten index patients were classified as US 1. Eight of 10 were clinically reassessed in an ophthalmic department and in two medical records and patient questionnaires were examined.
Hearing loss was diagnosed in infancy, patients had poor speech, and had never gained benefit from hearing aids. Audiometry thresholds were non-recordable in all patients, and in the eight patients who were clinically reassessed vestibular function was absent. Two patients have not had vestibular function testing. Historically five reported delay in walking until 18-24 months of age, with five having no recall. Three recalled poor balance as a child, clumsiness, and inability to ride a bicycle.
Diagnosis of pigmentary retinopathy was made between 8 and 34 years, (mean age 19 years) with onset of symptoms reported between 12 and 24 years (mean age 16 years). Nyctalopia was symptomatic before loss of (TABLE 5) Fourteen index patients were typed as US 2. Eleven of 14 were clinically reassessed in an ophthalmic department and in three medical records were evaluated. Hearing loss was diagnosed by the age of 2 years in 10 patients, and by the age of 6 years in four patients. All patients had worn hearing aids since this time and had intelligible speech. Audiograms were typical with a sloping moderate to severe pattern of high frequency hearing loss which was reported by eight patients to be stable. Some deterioration was felt to have occurred in six patients. In two cases this was not supported by previous audiograms. Old audiograms in other cases were not available for comparison. We have verified non-progression in a third (case 26) after a period of 7 years. Vestibular function was tested in 10 patients and was normal in nine. In case 7 with a negative caloric test, a more comprehensive vestibular examination is planned. ERG was extinguished or profoundly reduced in all cases. Pigmentary degeneration was typical for retinitis pigmentosa with peripheral bone spicule pigmentation. One case showed pigment mottling, but no bone spicules, and in one case fundal appearances were suggestive of retinitis punctata albescens. Mild posterior subcapsular lens opacities were seen in three patients, and one patient was pseudophakic, with cataracts removed at 41 years. Reduced acuity was associated with lens opacities and in no patient was less than 6/18. ATYPICAL PATIENTS (PROBABLY US 3) (TABLE 6) Six index patients were typed as US 3. Four of six have been clinically reassessed in an ophthalmic department and in two medical records were evaluated. These patients are atypical but appear to conform to clinical criteria which support a diagnosis of US 3. 14 Bilateral hearing loss was diagnosed between 2 and 16 years. In five of these patients there was strong anamnestic evidence of an earlier progression of hearing loss but owing to lack of audiological information this could not be confirmed. We were able to confirm progression over the past 4 years in one patient. 31 Some of these patients had late onset of hearing loss, and no apparent exogenous cause to account for their present profound level of hearing loss. Their clinical histories will now be discussed in more detail below.
Case 2
A 40-year-old Pakistani male, born in Pakistan, whose parents were first cousins. He came to the UK aged 10 years and was said to have had normal hearing up to this time. Hearing loss was diagnosed in his teens and he was educated subsequently at a school for the deaf. His hearing loss had progressed to profound across all frequencies with a corner type audiogram. He had successful cochlear implantation surgery in October 1994. Retinitis pigmentosa was diagnosed age 36 years although symptomatic night blindness was described before this. The ERG was <75 mV, and there was marked reduction of EOG. The visual fields were moderately constricted. On ophthalmoscopy he had attenuated arterioles but no pigmentation-that is, retinitis pigmentosa sine pigmento. Pigmentary changes were present at the maculae with best acuity of 6/60.
There were no other aVected family members, including two older sibs, with US, pigmentary retinopathy, or deafness.
Case 3
This 49-year-old male was an identical twin with non-consanguineous parents. His twin brother was also aVected with US. He had worn hearing aids from the age of 14 years. The index patient felt his hearing loss had progressed but there was no definite evidence from a previous audiogram dated 1990. Audiograms earlier than this were not available. He had normal vestibular function and a sloping moderate hearing loss but we felt the late diagnosis was suggestive of true progression. He had suVered from night blindness since early childhood and loss of visual field since his 20s. Retinitis pigmentosa was medically diagnosed at age 40. The ERG was extinguished and his fundi showed typical pigmentary degeneration with bone spicule pigmentation. His twin had a history of perinatal birth problems and had learning difficulties. His hearing loss was diagnosed at age 8 years and he had worn hearing aids since then. The audiogram demonstrated a sloping moderate/ severe hearing loss; there was no nystagmus on cold caloric test but the Romberg test was negative. Retinitis pigmentosa was diagnosed at age 40 but he was symptomatic in childhood. Ophthalmoscopy showed pigmentary degeneration with bone spicule pigmentation and the ERG was extinguished.
There are no other aVected family members with US, pigmentary retinopathy, or deafness.
Case 6
A 54-year-old white male with consanguineous parents. He had late onset of deafness at age 16 and was fitted with hearing aids when aged 18 years. He had suVered from symptomatic night blindness since the age of 16, and was medically diagnosed as having retinitis pigmentosa when aged 27 years. There had been progressive visual deterioration to total blindness by age 38 years. He had a non-recordable ERG and his visual fields were extinguished. His hearing loss had progressed to profound across all frequencies. Previous audiograms were not available for review. He had been extensively investigated for a progressive sensory polyneuropathy since he was 38 years old and this condition has been stable for the past 2 years. Refsum's syndrome and mitochondrial mutation had been excluded.
There are no other aVected family members with US, pigmentary retinopathy, or deafness. Two older sibs are unaVected.
Case 8
A 52-year-old female with no parental consanguinity. Hearing loss was diagnosed at 14 years but she did not wear an aid until she was 36. She attended a normal school. Thresholds were non-recordable on audiometry testing. Previous audiograms were not available for comparison. Vestibular function was normal. Retinitis pigmentosa was diagnosed at age 36 years. The fundus showed typical bone spicule pigmentary degeneration, and there was profound reduction of the ERG. Visual fields were reduced to 10 degrees. Early cataract was diagnosed in 1994.
Case 31
A 61-year-old female with no parental consanguinity. Hearing loss was diagnosed at age 5 years and she had worn a hearing aid since she was 16. She felt her hearing had deteriorated.
Comparison with the only available audiogram 4 years previously showed progression of hearing loss mainly in the low frequency range which is not characteristic of age related hearing loss. Other causes of hearing loss were excluded. Nyctalopia was present from age 13 years and retinitis pigmentosa was medically diagnosed when she was aged 21. The fundi showed extensive pigmentary degeneration, the visual fields were constricted to 10 degrees, and the ERG was extinguished.
Case 34
A 39-year-old female with no parental consanguinity. Hearing loss was diagnosed at age 2 years. She remembered hearing well until about age 14 years. Audiogram showed nonrecordable thresholds. She had normal speech. Retinitis pigmentosa was diagnosed at age 38 years when she saw an ophthalmologist because her brother had then been diagnosed with US. Ophthalmoscopy showed typical but mild pigmentary degeneration with bone spicules and arteriolar attenuation. The ERG was mildly reduced and visual fields were moderately constricted.
GENETICS
Genetic data were available from 30 of 31 pedigrees. Two pedigrees are considered separately below as a parent was also aVected. In the remaining 28 pedigrees, there were 96 sibs of index patients, of whom 78 were normal, and 18 had Usher syndrome, or rather 17 if we count two aVected identical twins as one patient. Thirteen of these 17 secondary cases were ascertained independently of the index patient, and therefore 41 patients (28 index patients, 13 secondary cases) were classified as probands for the purpose of genetic analysis. 32 The probands had a total of 178 sibs, of whom 45 were aVected. This gives a proportion of 0.25 (2 SE, range 0.17-0.33) which supports the hypothesis of autosomal recessive inheritance. We consider that the two families (13 and 29) , in which a parent was aVected to represent the marriage of an Usher patient with a carrier in the parental generation. This would not be surprising in view of the high prevalence of the condition. Case 13 (sib 3 in this family) was from a highly consanguineous Pakistani family from Kashmir with four unaVected siblings, an aVected father resident in Birmingham, and three other aVected relatives living in Pakistan. Case 29 with non-consanguineous parents had one unaVected sib, one aVected sib, and an aVected mother and maternal aunt living in Birmingham.
Parental consanguinity was reported in four families (cases 2, 6, 13, and 28). The parents of case 2 were Pakistani and first cousins, the parents of case 6 were white and second cousins. Case 13 has been described above.
Discussion
The prevalence of US observed in our study of 6.2 per 100 000 population is higher than that found in previous population studies. If atypical cases (probable US 3) are excluded the prevalence of US 1 and 2 is 5.3 per 100 000 population (see Table 3 ).
We have selected patients only because they were resident in Birmingham in 1994. Review of the literature finds a prevalence ranging from 1.8 to 4.4 per 100 000. [18] [19] [20] [21] [22] attempted to make a complete ascertainment of patients in the whole population of Finland over 10 years of age, and found a prevalence of 3.5 per 100 000; however, the disease was very unevenly distributed with a prevalence of 21 per 100 000 in the north where there are geographically isolated groups, and no cases in Helsinki where a tenth of the population were living at the time. Other studies have focused on retinitis pigmentosa populations, 19 20 23 24 or in schools for the deaf. 22 25-29 The highest previous prevalence estimate of 4.4 per 100 000 in the USA was considered to be conservative. 21 We chose to exclude children under 15 years of age where ascertainment is incomplete owing to late presentation of children with symptomatic retinitis pigmentosa and the fact that children are not routinely screened by an ophthalmologist. Although studies have shown that ERGs may be subnormal in infancy, 33 a normal ERG at this age does not rule out the diagnosis of US. 5 Since it is not yet established at which age US can be safely excluded by ERG and fundus examination, timing of screening programmes becomes problematical. By 15 years we have presumed that most children who have US will be symptomatic, have an abnormal ERG, or have evidence of pigmentary changes on fundus examination.
Our higher prevalence may reflect a more complete ascertainment of cases, at least among young patients because the City of Birmingham Education Department documents all children with special educational needs, and because all patients from Birmingham with symptoms relating to the retinal dystrophies are seen in one department, (the vision function unit of the BMEH). We were not surprised to find a lower prevalence among older patients who will usually not be making regular attendances to clinics for visual or auditory impairments. Therefore, we consider our ascertainment may be incomplete in the group aged over 70 years when patients tend not to be under ophthalmic review. The true prevalence may be reflected more accurately in the 30-49 year age group of 9.5 per 100 000 population.
The diVerent ethnic groups of our patients were in similar proportions to those within the city.
Earlier studies of the profoundly deaf estimated the respective proportion of US 1 and US 2 to be 90% and 10%. 18 34 However, we have found a high proportion of US 2 patients in our study which is consistent with data from Fishman and colleagues 3 17 and Grondahl and Mjoen 24 and was even observed in Usher's original report that 19 of his 69 patients with retinitis pigmentosa had 'some degree of deafness' while 11 had deaf mutism (unintelligible speech). 2 Fishman's group found 71 patients out of 106 to have US 2. 17 Grondahl and Mjoen, in their Norwegian study, found the distribution of US subtypes in 18 probands selected from 89 probands with tapetoretinal degeneration was US 1 eight probands, US 2 seven probands, and US 3 three probands. 24 These diVerences may reflect diVerences in ascertainment. Hallgren ascertained most completely for deaf patients. 34 It is likely that studies which focus on schools for the deaf will underestimate US 2, since their degree of hearing loss allows normal schooling, whereas schools and programmes for the visually impaired and ophthalmic clinics will have a relatively higher proportion of US 2.
US 3 is distinguished from US 2 by the progressive nature of its hearing loss and the later onset of deafness. In the Finnish study, 40% of US patients were found to have progressive hearing loss confirmed in 13% (n = 30) by follow up audiological data.
14 Hearing impairment was diagnosed before the age of 10 years in 60%, between 10 and 20 in 27%, and between 20 and 40 years in 13%. There was no diYculty in distinguishing US 3 hearing loss from age related hearing loss on the basis of its greater degree, and the equal distribution across all frequencies compared with a predominantly high frequency age related loss. Reports of slowly progressive hearing loss in US 2 are not infrequent. This may be due to the normal process of aging in some patients, or be only an apparent loss in some patients with US 2 whose loss in visual ability aVects communication skills.
The absence of previous audiological information makes the distinction between US 2 and US 3 diYcult in our patients. However, we have classified six atypical index patients as having US 3 (and one twin sibling) since their history and/or clinical findings strongly support this diagnosis (see case histories). The late onset of hearing loss in cases 2, 3, 6, and 8 was inconsistent with a diagnosis of US 2. Case 61 has documentation of progression which is not characteristic of age related loss. Case 34 now has non-recordable thresholds but she did not require hearing aids until 14 years of age. No other diagnosis easily explains the combination of progressive deafness and retinitis pigmentosa in these patients once Refsum's disease has been excluded. Case 7 (US 2, Table 5 ) was atypical because cold caloric testing was negative. This patient otherwise was typical for US 2 with intelligible speech, a sloping non-progressive moderate to severe hearing loss, and negative Romberg and Unterberger balance tests. We have decided to classify this patient as US 2 but further vestibular function tests are planned.
It was our initial intention to assess patients with a view to suitability for cochlear implantation. Studies have documented the improvement of auditory perception in the majority of adult postlingually deaf patients but it is felt that generally poorer results in prelingually deaf adults do not justify implanting in these patients. In one study US 1 patients reported considerable advantages in hearing abilities and social life following implantation. 35 US 2 patients are not usually considered for implantation because their level of hearing loss is both milder and stable. Patients with true progression may represent a group suitable for consideration for cochlear implants in view of their inevitable loss of visual function. Case 2 in the US 3 group has benefited from such cochlear implantation surgery.
Pigmentary retinopathy was typical in all our patients and did not correlate with any specific subtype. Our impression was that US 1 patients had more extensive fundus involvement. Atrophic foveal lesions were only identified in US 1 patients and these three patients were older than others in this group. Because we did not undertake fluorescein angiography more subtle foveal lesions may have been overlooked. Patients with cataracts were identified in all groups and appeared to be age related. There was no evidence of diVerent subtypes occurring within the same families.
Psychiatric disturbance in US 1 patients has been noted in this and other studies, 16 18 34 but was specifically noted to be absent in the study of Fishman et al. 3 This includes schizophrenialike disorders, atypical psychoses, recurrent depression, and mental retardation and may be related to the loss of both of the two major senses. In our series, four US 1 patients were under psychiatric review with one on treatment for schizophrenia, and three with depressivetype illnesses. The association of psychiatric disorders in our series is to be further evaluated.
In summary, we have found a higher prevalence of Usher's syndrome than previously reported together with a greater proportion of US 2 and US 3 subtypes.
